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A method of measuring an outline of a feature on a surface
includes providing a substrate. The substrate includes a fea-
ture on a surface of the substrate. The feature includes walls.
The surface of the substrate is illuminated. Edges of the walls
are illuminated to measure a first contour and a second con-
tour of the feature. An outline of the feature is calculated
based on the first contour and the second contour.

ABSTRACT

14 Claims, 2 Drawing Sheets
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METHOD OF MEASURING THE OUTLINE
OF A FEATURE

RELATED APPLICATIONS

This application claims priority under 35 U.S.C. §371 from
PCT Application No. PCT/US2010/049201, filed in English
on Sep. 17,2010, which claims the benefit of U.S. Provisional
Application No. 61/243,280 filed Sep. 18, 2009, the disclo-
sures of both of which are incorporated herein be reference in
their entireties.

BACKGROUND

The present disclosure relates to a method of measuring an
outline of a feature on a surface, such as an engraving.

It has found that a hubbing process used to manufacture
dies for coins was not as repeatable and accurate as previously
thought. Depending of the equipment, the material proper-
ties, or the operator, features stamped on a die will move in an
unpredictable way. Two dies that are manufactured at differ-
ent times on the same machine by the same operator will look
different. The difference is amplified if the operator is
replaced or if the process is achieved on a different machine.

BRIEF SUMMARY

The present disclosure provides a method of measuring an
outline ofa feature on a surface, such as an engraving on adie,
such that the process is repeatable.

In one aspect, a method of measuring an outline of a feature
on a surface includes providing a substrate. The substrate
includes a feature on a surface of the substrate. The feature
includes walls. The surface of the substrate is illuminated.
Edges of the walls are illuminated to measure a first contour
and a second contour of the feature. An outline of the feature
is calculated based on the first contour and the second con-
tour.

In another aspect, a system for measuring an outline of a
feature on a surface includes first and second illumination
sources disposed to illuminate a feature on a surface of the
substrate at a first and second angle. Am imaging device is
used for imaging edges of the walls to measure a first contour
and a second contour of the feature. A processor is used for
calculating an outline of the feature based on the first contour
and the second contour.

The foregoing paragraphs have been provided by way of
general introduction, and are not intended to limit the scope of
the following claims. The presently preferred embodiments,
together with further advantages, will be best understood by
reference to the following detailed description taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a system for measuring an
outline of a feature on a surface.

FIG. 2A shows features of a surface under a first illumina-
tion condition.

FIG. 2B shows features of a surface under a second illu-
mination condition.

FIG. 2C shows the combined images of FIGS. 2A and 2B.

FIG. 3A shows the first and second contours of a feature.

FIG. 3B shows an outline of the feature of FIG. 3A based
on the first and second contours.

FIG. 3C shows the outline of FIG. 3B extracted from the
contours.
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FIG. 4A shows the contour of a surface in a first configu-
ration.

FIG. 4B shows the contour of a surface in a second con-
figuration.

FIG. 5 illustrates a method of closing an outline with miss-
ing information.

DETAILED DESCRIPTION

The invention is described with reference to the drawings
in which like elements are referred to by like numerals. The
relationship and functioning of the various elements of this
invention are better understood by the following detailed
description. However, the embodiments of this invention as
described below are by way of example only, and the inven-
tion is not limited to the embodiments illustrated in the draw-
ings.

The present disclosure provides method of measuring an
outline of a feature on a surface, such as an engraving on a die.
The method only needs two-dimensional imaging and does
not need to physically contact the surface.

In the process of creating a die (used, for example, in
stamping coins), the engraving on the die needs to be imaged
so that certain features may be frosted, for example. The
frosting process consists in generating a layout of the frosting
pattern that will lie on the die. This pattern is generated by
digitizing the plaster of the die used to create the master die.

If manufacturing processes were defect-free, the frosting
pattern would line up perfectly to the die. Unfortunately, in
most cases, frosting patterns and dies never precisely match.
The mint has to tweak every frosting to match a set of dies.
The process is based on trial and error and can take several
hours, requires someone familiar with a CAD package, the
laser software and the laser hardware. Thus, there is a need for
a quicker and easier way to generate a frosting pattern that
matches dies with high accuracy.

FIG. 1 illustrates a system 10 for measuring an outline of a
feature on a surface 12. A first illumination source 16 is
disposed to illuminate a feature on a surface of the substrate
12 ata first angle. A second illumination source 18 is disposed
to illuminate a feature on a surface of the substrate 12 at a
second angle. The second illumination source 18 may simply
be the first illumination source 16 moved to a different posi-
tion. An imaging device 14, such as a laser, may be used for
imaging edges of the walls of the feature on surface 12 to
measure a first contour and a second contour of the feature. A
processor is used for calculating an outline of the feature
based on the first contour and the second contour. The pro-
cessor may be any suitable processor, such as those provided
in conventional personal computers.

In brief, the present disclosure provides a method of mea-
suring an outline of a feature on a surface. The substrate
includes a feature on a surface of the substrate. The feature
includes walls extending from the surface of the substrate.
The surface of the substrate is illuminated with a light source
and the edges of the walls are imaged to measure a first
contour and a second contour of the feature. An outline of the
feature is calculated based on the first contour and the second
contour.

Contours of engraved surfaces are walls of different angles
that can vary between 10 and 85 degrees. To accommodate the
different surface angles, the present process uses different
lighting structures, each one giving a different angle of illu-
mination. Each illumination structure provides an image of
certain engraved walls. By combining images from the dif-
ferent lighting structures, an image with significant details is
generated. The lighting is based on a combination of circular
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light sources. The lighting comes from different angles which
enables light reflection off different surfaces and makes them
visible.

In FIGS. 2A and 2B, two images are generated based on
two lighting configurations. The contours of the images may
be generated using intelligent mark positioning (IMP), a pro-
cess known in the art. The two images are then added and
thresholded. FIG. 2C is the resulting combined image. The
new image, rich in details, can be used to extract information
on the engraved content. Extracting the engraved features is
based on a segmentation process that traces the edges of
illuminated walls. From these surfaces are extracted an inner
contour and an outer contour that are then processed to gen-
erate an outline. The outline is disposed between the first
contour and the second contour. The outline may be disposed
generally equidistant from the first contour and the second
contour. The outline is used to determine the area of the
feature to frost and represents the contour the laser will follow
when tracing the graphical content. In the case of the mint
application, the extracted contour is hatched, aligned and
marked on the part.

The steps of imaging the edges of the walls and calculating
an outline do not require contact with the substrate. The steps
of'imaging the edges of the walls may be performed by alaser.
The steps of imaging the edges of the walls and calculating an
outline can be done relatively quickly, especially compared to
conventional techniques such as 3D scanning technology.
The imaging process generally takes less than 10 minutes,
preferably less than 5 minutes. The accuracy of the measured
images is preferably within 20 microns. The process may be
automated and requires no human intervention.

The imaging process is illustrated in FIG. 3. In this case,
the feature on the surface is the numeral “5”. The bright
surfaces in FIG. 3 A represent the walls of the character. The
red (outer) contours represent the edges of the upper and
lower surfaces obtained by the imaging technique. The green
outline (between the red outlines) in FIG. 3B represents the
median of the red contours. As shown in FIG. 3C, the green
outline is extracted from the inner and outer contours to
provide a pattern for the frosting process to follow.

As shown in FIGS. 4A and 4B, the current process is able
to control the location of the outline on the walls of the
engraved surface. The process can be programmed to track
both contours (inner and outer) while maintaining a fixed
distance ratio to the outer contour or the inner one. InFI1G. 4A,
the calculated outline (shown by the dashed line) is closer to
the outer contour. In FIG. 4B, the calculated outlines is closer
to the inner contour.

In some cases, where the edge information is missing due
to low angled surfaces, the outline may end up incomplete.
For example, as shown in FIG. 5, data on the outline of a
portion of the edge of the star is missing. Computer data
representing the surface of the substrate (such as CAD data
from the design process) may be used to help complete the
image. To close outlines, the present process uses the CAD
information of the engraved pattern. The example below
demonstrates how the outline is patched.

As a first step, the imaging process (which may use IMP)
will look for open outlines that are too large to close auto-
matically. The process uses a registration approach that aligns
the extracted outline information to the CAD data. Next, an
XOR algorithm generates the missing data which is added to
the open outline. The missing data and the extracted outline
are then joined, as shown on the right. Matching the extracted
outline and the missing information is established by fitting
the curvature information at both ends of the added data.
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Thus, the process may be used to complete an outline when at
least some edge information is missing.

The described and illustrated embodiments are to be con-
sidered as illustrative and not restrictive in character, it being
understood that only the preferred embodiments have been
shown and described and that all changes and modifications
that come within the scope of the inventions as defined in the
claims are desired to be protected. It should be understood
that while the use of words such as “preferable”, “preferably”,
“preferred” or “more preferred” in the description suggest
that a feature so described may be desirable, it may neverthe-
less not be necessary and embodiments lacking such a feature
may be contemplated as within the scope of the invention as
defined in the appended claims. In relation to the claims, it is
intended that when words such as an,” “at least one,” or
“at least one portion” are used to preface a feature there is no
intention to limit the claim to only one such feature unless
specifically stated to the contrary in the claim. When the
language “at least a portion” and/or “a portion” is used the
item can include a portion and/or the entire item unless spe-
cifically stated to the contrary.
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What is claimed is:

1. A method of measuring an outline of a feature on a
surface, comprising:

providing a substrate, the substrate comprising a feature on

a surface of the substrate, the feature comprising walls;
illuminating the surface of the substrate;

imaging edges of the walls to measure a first contour and a

second contour of the feature; and

calculating an outline of the feature based on the first

contour and the second contour.

2. The method of claim 1 wherein imaging the edges of the
walls comprises using intelligent mark positioning.

3. The method of claim 1 wherein the outline is disposed
between the first contour and the second contour.

4. The method of claim 2 wherein the outline is disposed
generally equidistant from the first contour and the second
contour.

5. The method of claim 1 further comprising using the
outline to determine an area of the feature to frost.

6. The method of claim 5 further comprising frosting the
area.

7. The method of claim 1 wherein the steps of imaging the
edges of the walls and calculating an outline do not require
physical contact with the substrate.

8. The method of claim 1 wherein the steps of imaging the
edges of the walls are performed by an imaging device.

9. The method of claim 8 where the imaging device is a
laser.

10. The method of claim 1 wherein the steps of imaging the
edges of the walls and calculating an outline takes less than 10
minutes.

11. The method of claim 1 wherein the step of illuminating
the substrate comprises illuminating the substrate a first time,
and wherein the step of imaging the edges of the walls com-
prises imaging the edges of the walls a first time, further
comprising illuminating the substrate a second time and
imaging the edges of the walls a second time.

12. The method of claim 1, further comprising:

providing computer data of the surface of the substrate;

using the computer data to calculate the outline of the

feature on the surface of the substrate.

13. A system for measuring an outline of a feature on a
surface, comprising:

a first illumination source disposed to illuminate a feature

on a surface of the substrate at a first angle;
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a second illumination source disposed to illuminate a fea-
ture on a surface of the substrate at a second angle;

an imaging device for imaging edges of the walls to mea-
sure a first contour and a second contour of the feature;
and 5

a processor for calculating an outline of the feature based
on the first contour and the second contour.

14. The system of claim 13 wherein the imaging device is

a laser.



